Abstract. Tumor development and progression are multistep processes that involve local tumor growth and invasion, followed by metastasis. The aggressiveness of the tumor is the major determinant of the mortality of oral cancer patients. The present study investigates whether the expression levels of cyclooxygenase-2 (COX-2), nuclear factor-κB (NF-κB), peroxiredoxin 1 (PRDX1) and PRDX6 are associated with the development, proliferation, differentiation and recurrence of oral squamous cell carcinoma (OSCC). The mRNA expression levels of COX-2, NF-κB, PRDX1 and PRDX6 were examined in 50 OSCC specimens and 19 normal oral mucosae by quantitative polymerase chain reaction (qPCR). qPCR analysis showed that the mRNA levels of COX-2 in OSCC were significantly higher than those in the normal oral mucosae (P=0.021). The expression levels of PRDX1 in high-stage tumors (T3 and T4) were significantly elevated compared with those in low-stage tumors (T1) (P=0.047). Additionally, the expression levels of NF-κB in the high-grade tumor were significantly elevated compared with those in the low-grade tumors (P=0.030). Overall, it was indicated that the expression of COX-2 is strongly associated with the development of OSCC. Moreover, the enhanced expression of PRDX1 and NF-κB may function in the progression of OSCC, which serves as a useful marker for prognosis in patients with oral cancer.
Introduction
Oral squamous cell carcinoma (OSCC) is a devastating disease, which affects humans. Despite the development of surgical techniques and prosthetic repair, defects in the facial structures lead to severe aesthetic and functional problems (1) (2) (3) (4) . Uncontrollable and persistent loco-regional and distant recurrences with invasive disposition result in a low overall long-term survival rate. Thus, the valuable predictive factors of OSCC are required to prevent the tumorigenesis, progression and recurrence of the disease (5, 6) . The present study investigated the expression levels of cyclooxygenase-2 (COX-2), peroxiredoxin 1 (PRDX1), PRDX6 and nuclear factor-κB (NF-κB), which have previously been found to be highly expressed in various neoplasms (7) .
COX is the rate-limiting enzyme in the conversion of arachidonic acid to prostaglandins (PGs) of which two isoforms, COX-1 and COX-2, have been described (8) . COX-1 is constitutively expressed in a number of tissues and generates the PGs necessary for normal physiological function (7) . Although COX-2 cannot normally be detected, proinflammatory or mitogenic stimuli cause its rapid induction (9, 10) . Studies have indicated that COX-2 is involved in the process of carcinogenesis via a range of different mechanisms, including angiogenesis, cell proliferation and the prevention of apoptosis. Elevated COX-2 expression has been noted in several human malignancies, including colonic, breast, gastric, bronchial, esophageal and prostatic carcinomas, and head and neck cancers (11) .
The PRDX antioxidant protein family is found in a large range of species and is important in the protection of cells against oxidants. Since 1998, the crystal structures of six PRDXs in mammals have been published, including four typical 2-Cys PRDXs (PRDX1, PRDX1I, TryP and AhpC), one atypical 2-Cys PRDX (PRDX V) and one 1-Cys PRDX (PRDX6) (12) . This endogenous defense system is highly expressed in certain cancers. The overexpression of PRDX1 has been noted in follicular thyroid neoplasms, thyroiditis, lung cancer, malignant mesothelioma and breast cancer (13) (14) (15) (16) . Furthermore, PRDX2, 3, 5 and 6 levels were shown to be increased in malignant mesothelioma, while PRDX2 and 3 were overexpressed in breast cancer specimens compared with normal tissues (14, 16) . The proliferation-associated gene (Pag), human PRDX1, was first isolated by the differential screening of cDNA libraries formed from untransformed and ras-transformed human mammary epithelial cells. As the proliferation of these cells stops during the commitment Expression of cyclooxygenase-2, peroxiredoxin I, peroxiredoxin 6 and nuclear factor-κB in oral squamous cell carcinoma phase of differentiation, the higher Pag expression levels were correlated with cell proliferation (17) . Also, PRDX1 takes part in the growth factor and tumor necrosis factor-α (TNF-α) signaling cascades by regulating the intracellular concentration of H 2 O 2 (18) . These data indicate that the activity of PRDX1 may be associated with not only proliferation, but also the formation of reactive oxygen species (ROS), which participate in carcinogenesis in all stages, including initiation, promotion and progression (19) . NF-κB is found in an inactive form in the majority of cells. Active NF-κB complexes are dimers of a variety of combinations of the Rel family of polypeptides, consisting of p-50 (NF-κB1), p52 (NF-κB2), c-Rel, v-Rel, Rel-A (p-65) and Rel-B. In resting cells, retention of p-50 and p-65 heterodimers in the cytoplasm and their binding to the inhibitor κB (IκB) proteins, blocks the nuclear translocation of NF-κB (18, 20, 21) . IκB degraded when it is phosphorylated by IκB kinase in response to a wide range of carcinogens and growth stimuli, including cigarette smoke, ultraviolet radiation, chemical carcinogens, epidermal growth factor receptor (EGFR), TNF-α and other cytokines (14, 22, 23) . NF-κB that has been liberated enters the nucleus and transactivates the expression of a number of significant oncogenes and proinflammatory cytokines, including c-myc, cyclin D1, B-cell lymphoma (Bcl)-XL, Bcl-2, Cox-2, survivin, matrix metalloproteinase-9; vascular endothelial cell growth factor, and interleukin (IL)-1, 6 and 9, whose functions are closely associated with abnormal cancer cell proliferation, survival and invasion (18, 20, 21) . The constitutive activation of NF-κB occurs in numerous types of malignancies, including head and neck SCC, and is associated with the aggressive phenotype of these tumors (18, 20, 24) .
During the last few years, studies on COX-2, PRDX1, PRDX6 and NF-κB have been performed in OSCC, but these studies have relied on qualitative immunohistochemistry to assess the levels of protein. This type of test can be subject to interobserver variability. In the present study, the expression of COX-2, PRDX1, PRDX6 and NF-κB in OSCC was quantitatively evaluated using quantitative polymerase chain reaction (qPCR), and to the best of our knowledge, this is the first study of its type in OSCC.
Patients and methods

Patients and samples.
A total of 50 OSCC tissues from 35 males and 15 females, with a mean age of 61 years (range, 35-82 years), were obtained during surgery or at biopsy in the Department of Oral and Maxillofacial Surgery and Otolaryngology, Chungbuk National University Hospital, (Cheongju, South Korea). The samples were classified in terms of the patient's age and gender, the primary site, the T stage of tumor size, the grade of histological cell differentiation, the presence of a primary or recurrent tumor, and the administration of prior chemotherapy at the time of obtaining the samples. T staging and histological grade were assessed according to the tumor-node-metastasis staging by the American Joint Committee on Cancer (Table I) (25) . Additionally, 19 normal buccal mucosa tissues were obtained from healthy non-cancer patients with consent during minor oral surgical procedures. Each sample was examined histopathologically, and only those that consisted of normal squamous epithelial cells were subsequently analyzed. Samples were snap-frozen in liquid nitrogen immediately after harvest and stored at -70˚C until RNA extraction. This study was approved by the Institutional Review Board of Chungbuk National University Hospital.
RNA extraction and reverse transcription. Total RNA was isolated from the tissues with TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. cDNA was then prepared from 1 µg total RNA by random priming using a First-Strand cDNA Synthesis kit (Amersham Biosciences Europe GmbH, Freiburg, Germany) according to the manufacturer's instructions.
qPCR. To quantify the expression levels of COX-2 ( Fig. 1) , PRDX1 (Fig. 2) , PRDX6 (Fig. 3) and NF-κB (Fig. 4) , qPCR amplification was performed using the Rotor Gene 3000 (Corbett Research, Mortlake, Australia) PCR machine. qPCR assays were performed using SYBR Premix EX Taq (Takara Bio Inc., Otsu, Japan) in a micro reaction tube (Corbett Research). The PCR was performed with a final volume of 10 µl, the reaction mixture consisting of 5 µl of 2X SYBR Premix EX Taq buffer, 0.5 µl of each of 5' and 3' primer (10 pmol/µl) and 1 µl of sample cDNA.
For amplification, the following primers were used: COX-2, forward, 5'-CCATGGGGTGGACTTAAA-3' and reverse, forward, 5'-AAGACCCACCCCACCATCAA-3' and reverse, 5'-AAACTGTGGATGCAGCAGCGGTC-3' (173 bp). The products were purified using a QIAquick Gel Extraction kit (Qiagen, Hilden, Germany), quantified by spectrophotometer (MBA2000; Perkin Elmer Inc., Walther, MA, USA) and the product sequences confirmed by automated laser fluorescence sequencer (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems Life Technologies, Foster City, CA, USA). The known concentrations of the COX-2, PRDX1, PRDX6 and NF-κB PCR products were serially diluted (10-fold) from 1 pg/µl to 0.1 fg/µl, from 4 pg/µl to 0.4 fg/µl, from 22.5 pg/µl to 2.5 fg/µl, and from 10 pg/µl to 0.1 fg/µl, respectively. The dilution series of the PCR products were used for establishing standard curves of the qPCR (Figs. 1A, 2A and 3A). The qPCR conditions were as follows: 1 cycle at 96˚C for 1 min, followed by 40 cycles of 96˚C for 2 sec, 56˚C for 20 sec and 72˚C for 20 sec for COX-2; 1 cycle at 95˚C for 1 min, followed by 40 cycles of 95˚C for 10 sec, 54˚C for 15 sec and 72˚C for 20 sec for PRDX1; 1 cycle at 95˚C for 1 min, followed by 40 cycles of 95˚C for 10 sec, 62.5˚C for 15 sec and 72˚C for 20 sec for PRDX6; and 1 cycle at 96˚C for 1 min, followed by 40 cycles of 96˚C for 2 sec, 60˚C for 20 sec and 72˚C for 20 sec for NF-κB. The melting program was performed at 72-96˚C for COX-2 and NF-κB, and at 72-95˚C for PRDX1 and PRDX6, with a heating rate of 1˚C every 45 sec. Spectral data were captured and analyzed using Rotor-Gene Real-Time Analysis Software 6.0 Build 14 (Corbett Research) (Figs. 1B and C, 2B and C, and 3B and C).
Statistical analysis. The COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels of the OSCC tissues and normal oral mucosae were compared. The results were presented as the mean ± standard deviation upon comparison. Histologically well-differentiated tumors were classified as low grade, while moderate-and poorly-differentiated tumors were classified as high grade. The correlations of COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels with tumor size were assessed by Kruskal-Wallis test, and grade, recurrence and the previous administration of chemotherapy were assessed by the Mann-Whitney test. All analyses were performed with SPSS for windows (ver. 12.0.1; SPSS, Inc., Chicago, IL, USA), and P<0.05 was used to indicate a statistically significant difference.
Results
Comparison of COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels in OSCC and normal oral mucosa tissues.
The COX-2 mRNA expression levels of 50 OSCC tissues and 19 normal oral mucosa tissues were 7.753±2.294 and 2.179±0.464 pg/ml, respectively. The COX-2 mRNA expression levels in the OSCC tissues were significantly higher than that in the normal oral mucosa tissues (P=0.021) (Table II) .
T he PR DX1 m R NA expression levels of t he 50 OSCC tissues and 19 normal oral mucosa tissues were 10.962±1.641 and 6.420±4.072 pg/ml, respectively. The PRDX1 mRNA expression levels were not significantly different between the OSCC tissues and the normal oral mucosa tissues (P=0.218) ( Table II) .
The PRDX6 mRNA expression levels of the 50 OSCC tissues and 19 normal oral mucosa tissues were 3.186±0.490 and 3.460±0.595 pg/ml, respectively. The PRDX6 mRNA expression levels were not significantly different between the OSCC tissues and the normal oral mucosa tissues (P=0.760) ( Table II) .
The NF-κB mRNA expression levels of the 50 OSCC tissues and 19 normal oral mucosa tissues were 10.098±1.602 and 8.979±1.097 pg/ml, respectively. The NF-κB mRNA expression levels were not significantly different between the OSCC tissues and the normal oral mucosa tissues (P=0.687) (Table II) . Table II . COX-2, PRDXI, PRDX6 and NF-κB mRNA expression levels in OSCC tissues and normal oral mucosae. Table III) . However, the PRDX1 mRNA expression levels of the 28 high-stage (T3 and T4) and 9 low-stage (T1) OSCC tissues were 13.981±2.509 and 5.234±3.078 pg/ml, respectively. The PRDX1 mRNA expression levels in the high-stage OSCC tissues were significantly higher than those in the low-stage OSCC tissues (P=0.047) ( Table III) .
Comparison of COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels of OSCC tissues according to the degree of histological tumor cell differentiation.
The COX-2, PRDX1 and PRDX6 mRNA expression levels of the OSCC tissues did not show a significant correlation with tumor differentiation (P=0.788, P=0.171 and P=0.343, respectively; Table IV ). However, the NF-κB mRNA expression levels of 11 high-grade (moderate-and poorly-differentiated) OSCC tissues and 39 low-grade (well-differentiated) OSCC tissues were 17.218±5.228 and 8.488±1.490 pg/ml, respectively. The NF-κB mRNA expression levels in the high-grade OSCC tissues were significantly higher than those in the low-grade OSCC tissues (P=0.048) ( Table IV) .
Comparison of COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels of OSCC tissues according to tumor recurrence.
The COX-2, PRDX1, PRDX6 and NF-κB mRNA expression levels of 44 primary OSCC tissues and 6 recurrent Table III . COX-2, PRDXI, PRDX6 and NF-κB mRNA expression level of OSCC tissues according to stage. (T3, 4) . OSCC, oral squamous cell carcinoma; COX-2, cyclooxygenase 2; PRDX, peroxiredoxin; NF-κB, nuclear factor-κB. Table IV . COX-2, PRDXI, PRDX6 and NF-κB mRNA expression level of OSCC tissues according to differentiation.
OSCC mRNA expression, pg/ml -----------------------------------------------------------------------------------------------------------------------------------------------------------
OSCC mRNA expression, pg/ml --------------------------------------------------------------------------------------------------------------------------------------------------------------Genes
Low-grade tumor (G1) (n=39) High-grade tumor (G2 and G3) (n=11) P-value Low-grade tumor, well-differentiated (G1); high-grade tumor, moderately-differentiated (G2) and poorly-differentiated (G3). OSCC, oral squamous cell carcinoma; COX-2, cyclooxygenase 2; PRDX, peroxiredoxin; NF-κB, nuclear factor-κB. Table V . COX-2, PRDXI, PRDX6 and NF-κB mRNA expression levels of primary and recurrent tumors.
OSCC mRNA expression, pg/ml -------------------------------------------------------------------------------------------------------------------------------Genes
Primary tumor (n=44) Recurrent tumor (n=6) P-value Table 6 ).
Discussion
The identification of a biological marker that correlates with a specific tumor would provide more accurate information and enable molecular-targeted therapy. There are a number of potential molecular markers in OSCC that have drawn considerable interest. Selective COX-2 overexpression has been found in head and neck, bronchial, breast, pancreatic, colon and gastric cancers. Particularly, a higher expression level of COX-2 has been identified in head and neck OSCC when compared with other cancers (11, (26) (27) (28) (29) . Tumor specimens with confirmed cervical lymph node metastasis have a significantly higher level of COX-2 expression, as do advanced and poorly-differentiated head and neck SCCs. Peng et al noted the overexpression of COX-2 in N1-N3 tumors compared with N0 tumors in a series of 23 hypopharyngeal SCC cases (28). Shibata et al noted labeling indices of COX-2 that correlated with the histological grade of dysplasia, being highest for the severe dysplasias on four human OSCC cell lines (11) . Another study also showed that COX-2 expression is involved in the regulation of cell proliferation and in the progression from normal tissue to SCC (30) . One previous study by Tsujii and DuBois examined the association between apoptosis and COX-2, and found that COX-2 gene transfection into rat intestinal epithelial cells decreases the susceptibility of the cells to apoptosis and upregulates antiapoptotic Bcl-2 protein expression (31) . Although the present study showed a good correlation between COX-2 mRNA expression and OSCC (P=0.021), COX-2 mRNA expression was not significantly correlated with other factors, such as tumor size, differentiation, recurrence and previous chemotherapy. COX-2 tended to be expressed at a higher level in recurrent tumors, although without a significant correlation (primary tumor (n=44), 5.547±1.824 pg/ml; recurrent tumor (n=6), 25.609±14.165 pg/ml; P=0.439); this may be as the recurrent tumor group was small in number. In addition, it has been demonstrated that COX-2 overexpression has a critical period. Zhi et al noted that strong COX-2 expression was detected as early as the stage of dysplasia and invasive SCC, while being weakly expressed in the esophageal squamous epithelium (32) . Kase et al demonstrated a peak of expression in high-grade dysplasia and carcinoma in situ, then a stable level with a declining trend (33) . This may indicate that COX-2 facilitates tumorigenesis and progression in the early stage, independent of its expression level during progression.
Recently, a number of studies reported the increased expression of PRDX in several cancers, and since then, PRDX has received considerable attention as a novel marker. The studies using a PRDX1-knockout mouse indicated that PRDX1 in normal cells plays a direct role in tumor suppression by eliminating ROS and preventing oxidative damage, and PRDX1 expression was associated with the occurrence of malignant neoplasms (24) . Similarly, consumedly proliferative tumor cells may express PRDX to protect themselves from oxidative damage. In malignant mesothelioma, PRDX1 and 6 are overexpressed, and tumor tissues with strong PRDX1 expression tended to experience an increased survival time (14) . In primary bladder cancer, the PRDX1 and 6 expression levels were significantly elevated in non-progressed cases compared to the progressed cases (34) . The overexpression of PRDX was also reported in human breast and lung cancer (16, 35) . In OSCC, Yanagawa et al studied PRDX1 expression for the first time and found low PRDX1expression levels to be associated with larger tumor masses, lymph node metastases and poorly-differentiated tumors (36) . This data is contrary to previous studies and the present result showing that the PRDX1 mRNA expression was elevated in larger tumors (P=0.047). Wen and Van Etten revealed that the paradoxical mechanism may be explained by the fact that Pag is a physiological inhibitor of c-Abl (37) . c-Abl is an oncogene product with tyrosine kinase activity, which inhibits cell proliferation when activated by interacting with central elements controlling the cell cycle (38) .
In a subsequent study, Yanagawa et al reported that PRDX1 expression was significantly associated with local and lymph Table Ⅵ . COX-2, PRDXI, PRDX6 and NF-κB mRNA expression levels of OSCC tissues following chemotherapy. node recurrence (39) , which was in contrast to the present results. These results indicated that PRDX1 expression predicts a 2.8-to 2.9-fold more frequent incidence of recurrence. PRDX1 was originally isolated from proliferating cells and the overexpression of PRDX1 has been found in the proliferative type of tumors. Additionally, an elevated level of PRDX1 appears to abrogate the induced cell-cycle block and is able to act as a tumor suppressor through the reduction of ROS. Taken together, these data indicate that the PRDX expression level appears to vary depending on the type or stage of the cancer. It is also reasonable to suggest that the augmented expression of PRDX provides increased antioxidative activity, which may be responsible for its resistance to apoptosis as a tumor suppressor. An increased PRDX level in larger tumors would be a result of the antiapoptotic features of PRDX, providing a growth advantage to tumor cells. NF-κB and NF-κB inducible gene activation has been detected in melanomas, prostate and breast cancer, and lymphoma (40, 41) . In the head and neck, Takada et al showed enhanced IκB kinase (IKK) activity in carcinoma cells (42) . Wolf et al revealed that IL-1 may function as an autocrine growth factor that is able to induce constitutive NF-κB activation (43) , while Bancroft et al demonstrated that EGFR activation could result in NF-κB activation (44) . Cumulative evidence in malignancies is compatible with the hypothesis that NF-κB is constitutively activated and has a major function in the pathogenesis of cellular and host alterations. NF-κB activation has been suggested to be a common pathway of widespread importance, and it has been suggested to be involved in promoting the expression of the phenotypic changes and genes involved in inhibition of programmed and therapeutic cell death, proliferation, tumorigenesis, angiogenesis, invasiveness and metastatic potential (41, 45) . Nakayama et al noted that high expression levels of NF-κB (p65) and IKK contribute to malignant behavior and antiapoptotic activity in OSCC (45) . Furthermore, molecular profiling has revealed that NF-κB may regulate a diverse repertoire of genes in SCC. Loercher et al obtained evidence with regard to the differential expression of known NF-κB-associated genes and found that NF-κB pathway modulation directly or indirectly alters a significant portion of these and other genes in the changed molecular profile, with malignant progression in a syngeneic model of SCC (41) . This study confirmed that IκB-α phosphorylation mutant expression suppressed NF-κB reporter and DNA binding activity, and modulated the protein and mRNA expression of a number of putative NF-κB target genes that are differentially-expressed in SCC, including Trp53, cyclin D1, IAP-1 and β-catenin. Consistent with the diversity and putative functions of a number of these genes, NF-κB inhibition was noted to inhibit the proliferation, survival, migration, angiogenesis and tumorigenesis of cells. These results indicate that NF-κB is a significant modulator of the gene expression profile and malignant phenotype in SCC. In the present study, NF-κB mRNA expression was correlated with the histopathological grade. The level was significantly elevated in the high-grade OSCC tissues (P=0.048), which agrees with the results previously published stating that the activation of NF-κB is associated with an aggressive tumor phenotype.
Generally, SCCs exhibit a range of clinical and histological features according to their stage of epithelial differentiation. Poorly-differentiated SCCs are known to grow at a faster pace and spread diffusely, leading to a poor prognosis. Furthermore, well-differentiated SCCs are chemotherapy-and radiotherapy-resistant. This suggests that NF-κB is a key molecular switch of the alterations in genotype and phenotype in the malignant progression of OSCC.
In conclusion, the expression of COX-2 is strongly associated with the development of OSCC. Moreover, the enhanced expression of PRDX1 and NF-κB may function in the progression of OSCC, which serves as a useful marker for the prognosis of patients with this disease.
